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C H A P T E R X 
G E N E R A L I N T R O D U C T I O N 
1 . 1 ENVIRONMENTAL POLLUTION 
Environmental pollution has been defined as the 
unfavourable alteration of our surroundings by 
industrialisation or by other human activities [1]. A 
substance is said to be polluted, provided it Interferes 
with health, comfort and amenities of people. Pollution 
is the result of the action of presence of a pollutant 
in any part of the environment, where it causes 
deleterious effects. Many substances which can become 
pollutant are present naturally in the environment in 
lesser extents and may be beneficial or even essential 
to it. Pollutants include, those substances released 
into the environment which harm the quality of air, 
water or soil; upsets the biological cycles linking men 
to animals; bacteria and plants and damages the health 
of human beings, animals or plants. Pollutants such as 
noise and unpleasant odours which often cause irritation 
can also be a hazard to life. 
The concept of environmental pollution is not new [2,3]. 
We have only started to look at the problem seriously 
after the pollutants and poisons in air, earth and water 
piled up to the points where they posed a serious threat 
to human life. Environmental pollution is not only 
associated with the industrial growth, but also with the 
pressure of population on the scarce natural resources. 
Urbanisation without town planning is a cause of land 
pollution. Lack of basic civic amenities such as 
sanitation, water supply, housing in urban complex lead 
to the problem of water disposal. 
1.2 CLASSIFICATION OF POLLUTION 
Pollution and pollutants can be classified in various 
ways. Some of the approaches are summarised below. 
1.2.1 A Pollutant Based Classification 
According to this approach pollutants may be divided 
into; 
i) Matter and 
ii) Energy 
i) Matter pollutants may be solid, liquid or gases and 
may further be classified as: 
. a) Inorganic pollutants (Table 1.1) 
b) Organic pollutants (Table 1.2) 
The Some of the common inorganic and organic 
pollutants, their sources, nature of pollution they 
cause and their effects are tabulated in Table 1.1 
and 1.2. 
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ii) The energy pollutants may be heat, eg., waste heat 
in the cooling water from power stations; noise, 
eg., sound from the factories and automobiles; and 
radiations, eg., gamma radiations from a 
radioactive source. 
1.2.2 A Medium Based Classification 
According to this approach pollution is categorised 
according to the medium of disposal and may be 
classified as follows: 
i) Air pollution 
ii) Water pollution 
iii) Soil pollution 
i) Air Pollution 
Atmospheric pollution is due to the presence of 
particulate pollutants, eg.", solid particles or 
liquids suspended in the air, causing smoke, mist 
etc., and due to the gaseous pollutants, eg., 
carbon monoxide, sulphur dioxide, oxides of 
nitrogen, hydrocarbons, etc. Air pollution 
originates from processes such as evaporation, 
chemical and nuclear reaction resulting in high 
concentrations of the contaminants in the air. The 
major sources of air pollution in big cities are 
the gaseous wastes from automobiles exhaust and 
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factories' chimneys etc. [4-6]; whereas in country 
side sources of air pollution are primitive form of 
heating viz; burning coals and cow dung cakes for 
cooking and burning of wheat husk etc. which is 
left out in the fields after harvesting. 
ii) Water Pollution 
Water is considered to be polluted when its quality 
degenerates due to sewage and industrial discharge, 
degeneration of proteinaceous materials and surface 
runoff. 
iii) Soil Pollution 
Land is said to be polluted when the quality of 
soil degenerates due to sewage and industrial 
waste, degeneration of proteinaceous materials and 
chemicals used in the agricultural practices. 
1.3 HEAVY METAL POLLUTION 
One of the most common definitions of heavy metals is 
that heavy metals constitutes those with Specific 
gravity of approximately 5g/cm^ or greater. This group 
includes metals from the transition series and group 
IIA, IIIB, IVB, VB and VIB of the periodic table. 
However the term 'heavy metals' is frequently applied 
where these are connotation of toxicity, and thus a less 
vigorous definition of the group normally used in 
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environmental context is that, it includes lighter 
metals such as Al and Be and metalloids such as As, Se 
and Sb Metalloids behave chemically both as a metal and 
non metal. 
Of all elements present in earth's crust H, C, N, 0, Na, 
Mg, P, S, CI, K and Ca constitutes 99.9% of all living 
matter. In addition 14 elements, viz., B, F, Si, V, Cr, 
Mn, Fe, Co, Cu, Sc, Mo, Sn and I are essential trace 
elements. The rest of the elements are either not 
essential for the growth and development of organisms or 
their function in the biological systems has not been 
established. Some of the trace metals, e.g., Hg, Pb, Cd, 
As, Cr, Zn, Cu, Mn, Fe, are essential but when present 
in environment above certain level are hazardous. 
1.4 SOURCES OF METAL POLLUTION 
The problem arising from toxic metal pollution of the 
environment due to the increasing -use of wide variety of 
metals in industry and in our daily life, have assumed 
serious dimensions. In general it is possible to 
distinguish between different sources from which metal 
pollution of the environment originates. 
Among them are: 
i) Geological Weathering 
ii) Mining Effluents 
iii) Industrial Effluents 
iv) Domestic Effluents 
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v) Urban Storm Water Run-off and 
vi) Atmospheric Sources. 
1.4.1 Geological Weathering 
They are the sources of back ground level. Arsenic rich 
hot springs arising from geothermal activity feed the 
Waikato river of North Island, New Zealand. The 
submerged aquatic plants from this river were found to 
contain arsenic up to 650 mg/kg of dry mass as compared 
to arsenic levels below 12 mg/kg in plants growing in 
natural soil [7-8]. 
1.4.2 Mining Effluents 
The serious effect of mine effluents on the water and 
waste water quality in river and lake as well as on 
biotopes, particularly on the fish population have been 
known for many years. One of the very first description 
of this problem is the fifth report of the 1868 River 
Pollution Commission in Britain [9] where grave damage 
was caused by the dispersal of toxic metals from lead, 
zinc and arsenic mines in Mid Wales [10]. 
1.4.3 Industrial Effluents 
There are numerous sources of metal pollution through 
industrial effluents. One of the classic examples is the 
discharge of the catalyst methylated mercury chloride 
into Minamata Bay from a factory manufacturing plastics 
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in Japan. 
Chemical and electrochemical methods are employed in the 
metal finishing and allied industries for the purpose of 
protection and/or the decoration of a variety of metal 
surfaces [11], giving rise to metal rich effluents. It 
has been estimated that the Dow Chemical chlor-alkali 
plant at Sarnia has discharged 91,000 Kg of mercury 
compounds into the St. Clair river system from 1949 to 
1972 [12] . Polish tannery wastes from chrome tanneries 
have been reported to vary between 9 mg/1 and 
140 mg/1 [13]. 
A typical example of pollution caused by the iron and 
steel works is near the Tees Estuary, Scotland, Where it 
was found that the iron and manganese had to highest 
mean concentration. The blast furnaces and the ferro-
manganese plants respectively being the major 
contributors [14]. 
The average concentration of metals from various 
industrial waste water is given in table 1.3 [15]. 
1.4.4 Domestic Effluents 
The domestic waste waters constitutes the largest single 
source of elevated metal levels in river and lakes. 
Solid waste waters particles may cause metal enrichment 
of the suspended load in the waters and the 
concentration of Cu, Pb, Zn, Cd and Ag reveal a marked 
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T a b l e 1 . 3 M e t a l s ±n. i nctiifstr-lal Wast^e Watjers 
Industry 
Metal Processing 
Fat Rendering 
Fish Processing 
Bakery 
Miscellaneous 
foods 
Brewery 
Soft drinks and 
flavouring 
Ice cream 
Textile dyeing 
Fur dressing and 
dyeing 
Miscellaneous 
chemicals 
Laundry 
Car wash 
Average 
Cu 
150 
220 
240 
150 
350 
410 
2040 
2700 
37 
7040 
160 
1700 
180 
Concentrat ion 
Cr 
150 
210 
230 
330 
150 
60 
180 
50 
820 
20140 
280 
1220 
140 
Ni 
70 
280 
140 
430 
110 
40 
220 
110 
250 
740 
100 
100 
• 190 
in ug/1 
Zn 
460 
3890 
1590 
280 
1100 
470 
2990 
780 
500 
1730 
800 
1750 
920 
Cd 
11 
6 
14 
2 
6 
5 
3 
31 
30 
115 
27 
134 
18 
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influence of domestic effluents in receiving waters[15], 
The use of detergents also creates a possible pollution 
hazard. It was found that the most of the enzyme 
detergents contained trace amount of elements like Fe, 
Mn, Cr, Ni, Co, Zn, Sr and Ba [17]. 
1.4.5 Urban Strom Water Run Off 
Heavy rain fall in urban areas is no longer regarded as 
only a down pour of rainwater since they often contain 
large amounts of contaminants [18]. A statistical 
summary revealed that urban storm water run-off has long 
been recognised as one of the major sources of pollution 
to surface water [19]. 
Whipple and Hunter [20] detected high concentrations of 
Pb, Zn and Cu after a storm event. 
1.4.6 Atmospheric Sources 
Na tu ra l and man made p r o c e s s e s r e s u l t e d in meta l 
c o n t a i n i n g a i r - b o r n e p a r t i c u l a t e s . Depending upon 
prevai l ing c l imat ic condi t ions , these pa r t i cu l a t e s may 
become wind blown over a g r e a t d i s t a n c e , and a re 
ul t imately returned to the l i thosphere as p r ec ip i t a t e s 
through rain or snow f a l l . A recent study has revealed 
that 15 to 36% of Pb entering the lake Ontario from the 
N i a g a r a r i v e r was a t t r i b u t e d t o a t m o s p h e r i c 
p r ec ip i t a t i on [21] . 
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1.5 WASTE WATER TREATMENT METHODS 
The various treatment techniques developed in the past 
for the removal of different types of pollutants from 
the water and waste water are: 
1. Physical Methods 
2. Biological Methods 
3. Chemical Methods 
4. Integrated Methods 
1.5.1 Physical Methods 
Sedimentation [22-23], floatation [24-25], coagulation, 
filtration [26] and membrane separation techniques have 
been employed for the removal of pollutants from water. 
The removal of a large number of suspended particles 
like clays, sand particles, etc., may be accomplished by 
sedimentation. Solids and biological floes present in 
the surface water are removed by filtration. The use of 
semi permeable membrane [27] is a recent addition to the 
technology of water purification, which includes reverse 
osmosis, ultra filtration and electro dialysis. 
Biological Methods 
These methods have been developed on the basis of the 
ability of various marine organism to accumulate trace 
elements [28] and various types of organic pollutants 
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[29]. The most common biological methods are activated 
sludge process [30-31], aerobic [32] and anaerobic [33] 
digestion, aerated lagoons process, oxidation ponds 
[34-35] etc. 
1.5.3 Chemical Methods 
Depending upon the nature of water pollution from 
various sources, chemical methods like reduction [36], 
precipitation [37] coagulation [38-40], ion-exchange 
[41-44] and adsorption [45-53] have been successfully 
used to improve the quality of water. The reduction and 
precipitation are generally used for the removal of 
toxic metallic species of waste waters. The coagulation 
process for the removal of toxicants consists of 
separation by aggregation of small particles into large 
ones, which can settle readily. Ion-exchange method is 
generally used to remove the ionic species from water 
and waste waters. The removal and recovery of 
radioactive materials from the waste waters of nuclear 
reactors, hospitals and laboratories are also possible 
by ion exchange method. These days the adsorption 
techniques for the removal of pollutants from water is 
becoming more popular and relatively less expensive. The 
use of activated carbon for the waste water treatment is 
well established as a practically reliable process 
especially for the treatment of organic contaminants due 
to their organophillic character [54]. In addition to 
these methods, the removal of pollutants from water and 
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waste water by electro-deposition, cementation, solvent 
extraction and freeze concentration processes are also 
employed. 
1.5.4 Integrated Methods 
In the recent years scientists have developed a new 
integrated method [55-56] for purification of water by 
combining any two or all the three methods namely 
physical, chemical and biological. The integrated 
methods may be classified as biochemical, bio-physical 
and bio-physico-chemical methods. 
Among the chemical methods described the adsorption 
method is generally preferred for the treatment of 
polluted water due to its high efficiency, easy handling 
and cost effectiveness. Therefore, in the present work, 
the adsorption method has been employed for the removal 
of certain heavy metals from water by using some cheap 
and unconventional adsorbents. 
1.6 ADSORPTION 
Accumulation or retention of atoms, molecules at the 
surface of interface between any two phases like gas-
liquid, gas-solid, liquid-liquid or liquid-solid is 
known as adsorption. The substance being concentrated at 
the interface is termed as adsorbate and adsorbing phase 
is known as adsorbent. 
21 
1.6.1 Types of Adsorption 
The adsorption process may be classified into three 
types depending upon the nature of forces operating 
between the adsorbate and adsorbent. 
1. Physical adsorption 
2. Chemical adsorption 
3. Activated adsorption. 
1.6.1.1 Physical Adsorption 
Such type of adsorption is due to the weak Vander Waals 
forces existing between absorbent and adsorbate species. 
In such cases the adsorbed molecule is not bonded to a 
specific site at the surface but is, rather free to 
undergo translational movement within the interface. In 
this type of process, the adsorption is favoured at low 
temperature and heat of adsorption is the order of 5 
Kcal mol"-'-. 
1.6.1.2 Chemical Adsorption 
In chemical adsorption, strong attractive forces are 
operative in the formation of new bonds between the 
adsorbate species and active centres of the adsorbent. A 
chemical reaction at a surface may either be exothermic 
or endothermic, and on increase in temperature will 
decrease or increase the amount of products formed. The 
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heat of adsorption lies in order of 20-100 Kcal mol'-'-. 
1.6.1.3 Activated Adsorption 
In case of activated adsorption, physical adsorption 
gradually changes in to chemisorption with rise in 
temperature. The heat of activation [57-58] for the 
activated adsorption is of the order of 5-20 Kcal mol"^. 
1.7 FACTORS INFLUENCING ADSORPTION 
The various parameters affecting the rate and extent of 
adsorption are : 
i) Nature of adsorbent 
ii) Nature of adsorption 
iii) Nature of solvent 
iv) Concentration -
v) Temperature 
vi) pH 
vii) Presence of foreign ions, etc." 
1.7.1 Nature of Adsorbent 
The extent of absorption is largely dependent on the 
physico-chemical properties of the absorbent such as 
surface area, particle size [59], porosity, residual 
charges [60] on the surface of the adsorbent. The 
adsorption on metallic oxides depends on their residual 
valancies due to edges, corners and cracks present at 
their surface. The pretreatment of the surface of 
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absorbent by heating, grinding and cleaning is alsc 
responsible for affecting the adsorption phenomena. 
1.7.2 Nature of Adsorbate 
The adsorption at a solid-solution interface is greatly 
influenced by the physico-chemical characterist ics of 
the adsorbate l ike weight, molecular s ize , e l ec t r i c 
charge , c apac i t y for agg rega t i on , the degree of 
dissociation, solubilization and ionization. 
1.7.3 Nature of solvent 
The polarity and dielectric constant of the solvent 
affect the adsorption process to a great extent. The 
effect of solvent on adsorption has been studied by 
Freundlich and Heller [61]. They observed that the 
addition of non-aqueous solvent to aqueous solution 
increases the adsorption of Sr (II) and other cations on 
different oxides. 
1.7.4 Concentration 
The ionic concentration of an electrolytic solution has 
remarkable effect on the uptake of ion by the surface of 
adsorbents. It is often observed that adsorption at any 
particular temperature becomes complicated due to the 
formation and overlapping of mono and multi layer 
adsorption as well as capillary condensation. Various 
types of adsorption isotherms have been reported. 
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1.7.5 Temperature 
Temperature of a system significantly affects the rate 
and extent of adsorption. The rate of adsorption 
normally increases with the decreasing temperature of 
the system. But in few cases, the rise in temperature of 
the system favours adsorption [62]. The nature of 
adsorption and thermodynamic studies have been carried 
out by several investigators [63-65]. 
1.7.6 pH 
The pH of the adsorbent-adsorbate system is one of the 
most important factors which prominently affects the 
rate, extent and mechanism of adsorption [66-67]. The 
adsorption of cations generally increases and that of 
anions decreases [69-70] with increasing pH of the 
solution. The variation in adsorption with pH of the 
solution has been explained on he basis of competitive 
adsorption of H'''/OH~ ions with the adsorbate species and 
also the aqua complex formation and its subsequent acid 
base dissociation [71-72]. 
Presence of Foreign Ions 
It has been reported that the presence of foreign ions 
in the solution alters the extent as well as rate of 
adsorption due to the change in the chemical properties 
of adsorbent and these ions also act as competitors of 
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adsorbing species [73]. 
1.8 CONTACT SYSTEMS AND MODES OF OPERATION 
Several investigators have employed various experimental 
techniques in order to provide an intimate contact 
between adsorbate and adsorbent for the effective 
removal of pollutants from water and waste waters. The 
contacting system is of two types namely: 
i) Continuous flow system 
ii) Batch System. 
1.8.1 Continuous flow System 
In such types of operations the adsorbent is always in 
contact with a fresh solution. The fresh adsorbent is 
added at the top of the column and the spent adsorbent 
is withdrawn from the bottom. The water or waste water 
flows upward trough the column containing adsorbent at a 
velocity sufficient to suspend the solid particles. 
1.8.2 Batch System 
In t h i s type of operation fixed amount of adsorbent i s 
shaken with a pa r t i cu l a r volume of natural or a r t i f i c i a l 
p o l l u t e d wa te r u n t i l t h e p o l l u t i n g s p e c i e s have 
d e c r e a s e d t o t h e d e s i r e d l e v e l . The q u a n t i t y of 
adsorbent and time of contact are adjusted according to 
the needs . After a p r e s e l e c t e d i n t e r v a l of time the 
2 6 
adsorbent is removed and either discarded or regenerated 
for reuse. 
The batch mode of operation has been chosen for the 
present study due to its simplicity and easy handling. 
1.9 OBJECTIVE OF THE PRESENT STUDY 
Water is one of our basic natural resources but its 
quality is being continuously degraded by the various 
activities of our modern civilization. Industrial 
effluents containing toxic metals have very greatly 
• contributed to water pollution and now it has become a 
very serious problem. The aim of the present study is to 
remove copper, cadmium and lead from aqueous solution by 
adsorption technique employing batch process using Mango 
Seed and Mango Seed shell as adsorbents. 
The reasons for selecting the above problem are : 
1. The potential sources of these toxic heavy metals 
are waste waters from various types of metal 
plating industries and their presence causes many 
diseases and ailments. 
2. The adsorbent used i.e. Mango Seed and Mango Seed 
shell are cheap and easily available. 
3. The adsorption technique which is employed is 
simple, easy to handle and is sludge free. 
4. The mode of operation selected in the study is 
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batch type which may be helpful to the 
environmentalist for designing economical waste 
water treatment plants. 
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C H A P T E R 2 
S U R V E Y O F L I T E R A T U R E 
2 . 1 HEAVY METALS IN ENVIRONMENT 
M e t a l s a r e c o n s e r v a t i v e e l e m e n t s which can be n e i t h e r 
d e s t r o y e d n o r d e t o x i f i e d by modern t e c h n o l o g i e s . The 
c o n t a m i n a t i o n of w a t e r by m e t a l i o n s i s i n c r e a s i n g , 
w h i c h i s b e i n g o b s e r v e d f r o m 10 t o 20 y e a r s 
c o n t i n u o u s l y . Many m e t a l s o c c u r n a t u r a l l y i n a q u a t i c 
e n v i r o n m e n t . T h e i r r e l e a s e ( b o t h n a t u r a l and man 
induced ) may be by a i r - b o r n e , l i q u i d r o u t e s o r a s s o l i d 
r e s i d u e s of m a n u f a c t u r e which f i n d t h e i r way i n t o t h e 
a q u a t i c s y s t e m . The h e a v y m e t a l s a r e t o x i c a t h i g h 
c o n c e n t r a t i o n b u t some a r e h i g h l y t o x i c even a t lower 
c o n c e n t r a t i o n s and a r e r e a d i l y c o n c e n t r a t e d by a q u a t i c 
o r g a n i s m s and p l a n t . They a r e g e n e r a l l y w a t e r s o l u a b l e , 
n o n - d e g r a d a b l e and v i g o r o u s o x i d i s i n g a g e n t s . Due t o 
t h e s e f a c t s , many i n d u s t r i a l l y d e v e l o p e d c o u n t r i e s have 
i m p o s e d r e g u l a t i o n s on t h e i r r e l e a s e i n t o t h e 
e n v i r o n m e n t . 
2 . 2 HEAVY METALS IN WASTE WATERS 
Angelova e t a l . (1980) have s t u d i e d t h e removal of heavy 
non f e r r o u s m e t a l s from l e a d - z i n c p l a n t s ' w a s t e w a t e r by 
e x t r a c t i o n . The h i g h e r f a t t y a c i d s , Cj^^-Cj^g were used 
f o r t h e s e e x t r a c t i o n s [ 7 4 ] . 
L i e s e r e t a l . (1980) h a v e s t u d i e d t h e s e p a r a t i o n of 
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trace elements from natural waters and waste waters. 
Separation of trace elements from Rhine river water, by 
ion exchange and adsorption, separation from sea water 
by activated carbon, adsorption in presence of 
complexing agents, separation from mineral water by use 
of a chelating cellulose exchanger, separation from 
waste waters by co-preciptiation with Fe(0H)3 or FeP04 
and separation of actinides by co-precipitation with 
BaS04 was reported [75]. 
Kumar and Dara (1981) have studied the removal of toxic 
heavy metal ions from industrial waste water using onion 
skins treated with HCHO (50-0-0-0) and H2SO4 and 
adsorptive capacities were found to be: Cu 1.6, Cd 1.55, 
Pb 1.35 and Zn 1.23 mequiv/g. The modified onions were 
repeatedly used after regeneration with HNO3. They also 
found that flour waste, rice husks, rice straw, garlic 
skins and NaOH treated bagasse also had appreciable 
capacity to bind heavy metal ion [76]. 
Heavy metals from the metallurgical processing and 
electroplating wastes have been removed by 
Cullen et al. (1982), by contact with ion exchange media 
produced by treating brown coal, peat or saw dust with 
aqueous lime slurry. They obtained the following metal 
concentration : Hg 0.005, Cu 0.02, Zn 0.02, Cd 0.05, Pb 
0.1 and Mn 0.2 mg/1 by using calcium loaded brown coal 
as the extracting medium [771. 
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Chrome-plating waste was treated with lignite and the 
concentration of Cr(IV) was found to decrease rapidly at 
low pH and high temperature. The Cr (IV) ion adsorption 
on lignite was found to be greater than Cr(III) ion 
(Nishimura, 1984) [78].' 
Ajmal et al. (1984), have studied the removal of 
chromate and chromium (VI) from electroplating wastes by 
using clay sand mixture as adsorbent. It was found that 
the sand mixtures having high clay content was suitable 
media for the removal of Cr from waste [79]. 
Loizidou (1985) have studied the removal of heavy metals 
by natural zeolites. Clinoptilolite and mordenite have 
similar exchange capacities 2.19 and 2.11 mequiv/gm, 
respectively. They observed that clinoptilolites has 
higher exchange capacity than mordenite in the removal 
of Cd and Pb from waste water. The maximum exchange 
capacity of clinoptilolite and mordenite for Cd was 0.66 
and 0.33, respectively, and, 0.8 and 0.33 for Pb 
respectively [80]. 
The sorption of heavy metals with corncobhydroxylate red 
onion skin resin was carried out by Odozi and Emelika 
(1985). The removal for Pb2+, Cd2+, Zn2+, Cu2+ and Hg2+ 
have been found to the extent of 94.6, 91.4, 90.6, 86.4 
and 82.8 percent respectively. The maximum capacities 
per gram of the substrate were 1.09, 1.41, 1.39 and 1.21 
meqeul for Zn^ "*", Cu^ "*", Ca^ ''' and Pb^* respectively [81]. 
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The removal of heavy metals by adsorption from waste 
water were reported by Koto et al. (1986). Two litre of 
waste water containing 50 ppm each of Cu^ '*', Zn^* and 
Pb^ "*" were mixed with 0.2 mol FeS04, adjusted to pH 10 
and stirred for 4 hours. Barium sulphite was added to 
the resulting solution to precipitate the heavy metals. 
The supernatant liquid was found to contain Cu 0.5, 
Zn 0.03, Pb 0.1 and Fe 0.07 ppm [82]. 
Bhargava et al. (1987) have studied the removal of low 
concentration of Cr, Pb and Cd (1-5 ml/1) from synthetic 
waste water by adsorption using saw dust. The efficiency 
of removal was determined by metals concentration, the 
amounts of saw dust and the contact time. It was found 
that at higher metal concentration (>10 mg/1), the 
efficiency of removal was lower. Cr was more efficiently 
adsorbed than Pb and Cd [83]. 
Chalakhappillay et al. (1984) have studied the removal 
of mercury from industrial wastes at different pH. The 
residual Hg was found to be <0.01 mg/1. [83]. 
Ajmal et al (1989) have studied the separation, 
estimation and recovery of Hg(II) from river waters and 
industrial waste waters using thin layer chromatography 
technique, [84]. 
Tee, et al (1988) have reported that waste tea-leaves 
were good sorbent for Pb, Cd and Zn ions. The rate of 
adsorption depends on pH, ionic strength, metal 
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concentration and the presence of interfering ions and 
surfactants. They observed that the adsorption 
capacities of the tea leaves were 0.381, 0.28 and 0.18 m 
mol/gm for Pb, Cd and Zn, respectively. 
Some recent work reported in literature on the treatment 
of water and waste waters containing heavy metals have 
been tabulated in Table 2.1. 
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CHAPTER 3 
MATERIALS AND METHODS 
3.1. MATERIALS 
3.1.1 Adsorbents 
The following two materials were taken as adsorbents for 
adsorption studies: 
i) Mango Seed 
ii) Mango Seed Shell 
Both the adsorbents were ground to make fine powdery 
substance and washed thoroughly with double distilled 
water, filtered and dried in an oven at 100±5 C. After 
that the adsorbents were sieved through 200 micron mesh 
size sieve and the material which passed through the 
sieve was used for all adsorption studies. 
3.1.2 Adsorbates 
i) A stock solution of Copper (0.01 M) was prepared by 
dissolving its salt, CuCla.2H20 in double distilled 
water. 
ii) A stock solution of Lead (O.OIM) was prepared by 
dissolving its salt, Pb(N03)a' 
iii) A stock solution of Cadmium (0.01 M) was prepared 
by dissolving its salt, Cd(N03)3. 
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All these solutions were standardized complexometrically 
titrating with EDTA (Disodium salt) using suitable 
indicator at appropriate pH. 
3.1.3 Reagents 
i) EDTA (E Merck India) for complexometric titration. 
ii) Acetic acid from BDH to maintain pH at 3. 
iii) Acetate buffer (by dissolving acetic acid and 
sodium acetate) for maintaining pH at 4.5. 
iv) CUCI3.2H2O, Pb{N03)a and Cd(N03)3 of BHH Anal R 
Grade were used to prepare stock solution of their 
respective metal ions. 
v) PAN indicator from E Merck AG (Darmstadt) was 
used. 
3.2. APPARATUS 
i) A digital pH meter (CP 901 model, India) was used 
for measuring pH. 
ii) A temperature controlled shaker. 
iii) 100 ml stoppered glass flask of Borosil make. 
iv) Oven for drying the adsorbent. 
3.3. PROCEDURE 
Batch operations were conducted in which al iquots of 
adsorba te s o l u t i o n of known c o n c e n t r a t i o n s were 
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introduced into 100 ml stoppered glass flasks containing 
0.5 gm of the adsorbents per 50 ml of adsorbates. The 
bottles were shaken at room temperature using an elec-
tric shaker for two hours in order to attain equilibri-
um. The adsorbent was then removed by filtration. The 
equilibrium concentration of the adsorbates were then 
estimated complexometrically with EDTA using suitable 
indicator. Blank solutions (without adsorbents) were 
similarly treated and the recorded concentration by the 
end of each operation was taken as initial one. 
A 1.0 N NaOH or HCl solution was used for varying the pH 
of the solution in order to study the effect of pH on 
the removal of metal studied. 
3.4. ADSORPTION MODEL 
To quantify the adsorption capacity of the adsorbents, 
i.e, mango seed shell for the removal of metal ions, Cd 
and Pb from water, the Freundlich equations were ap-
plied. 
3.4.1 Freundlich Model 
According to this model 
Am = K . Ce 1/n 
or InAm = InK + 1/n . InCe 
where 
Ce : is the equilibrium concentration (mol/1) 
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Am : is amount adsorbed per unit specified amount 
of adsorbent in mg/g. 
K : is an equilibrium constant and 
n : is an empirical constant 
Thus a plot of InAm v/s InCe should give straight line 
with a slope 1/n and intercept InK. 
This model deals with the multilayer adsorption of 
substance on the adsorbent. 
The thermodynamic parameters InK, AG, AS andAH were 
computed from the following equations: 
The free energy changes (A G) is calculated from the 
equation: 
AG = -RT InK 
Similarly, the enthalpy change AH was derived from the 
equation: 
InK = -AH+ C 
RT 
and the entropy was calculated from the equation: 
A G =AH-TZXS 
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CHAPTER 4 
COMPARATIVE STUDIES ON THE REMOVAL OF 
COPPER CII> FROM AQUEOUS SOLUTIONS 
USING INEXPENSIVE NATURAL ADSORBENTS 
4.1 INTRODUCTION 
Copper i s one of the t o x i c heavy meta l s which a re 
i n t r o d u c e d i n t o n a t u r a l w a t e r s t h r o u g h v a r i o u s 
i n d u s t r i a l was te w a t e r s l i k e p u l p and paper, 
e l e c t r o p l a t i n g i n d u s t r i e s , copper s m e l t e r s , e t c . 
Different adsorbents have been used in the past for the 
treatment of copper (II) r ich e f f luen t s . The removal of 
copper ( ID from aqueous solut ion and a comparison of 
adsorbents, i . e . , Mango Seed and Mango Seed she l l has 
been made in t h i s chapter . 
4.2 RESULTS AND DISCUSSION 
4.2.1 Time of Equilibrium 
The change of adsorption of Copper (II) with time is 
presented in Fig (4.1) and the corresponding values are 
given in Table (4.1). It has been observed that 
adsorption increases with increasing contact time and 
the equilibrium was attained after shaking for 2 hours 
for Mango Seed shell and Mango Seed. The Maximum removal 
of copper (II) on these adsorbents were 92.5% and 68% 
respectively. 
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EFFECT OF TIME ON COPPER (II) ADSORPTION 
pH • 6.B Tamp. • 26*C 
Initial concentration "COOOIM 
100 
% 
a 
0 
« 
A 
D 
8 
O 
R 
P 
T 
i 
O 
N / 
-B-
-^ Mango 8««d 
S- Mango Saad Shall 
60 90 120 160 
TIME <Mlnut««) 
Fig. 4.1 
160 210 
TABLE 4.1 
TIME 
(IN MINUTES) 
30 
60 
90 
120 
150 
180 
1 , . . 
%AGE ADSORPTION 
MANGO SEED SHELl^  
67.5 
85.3 
92,6 
92.5 
92.5 
92.5 
MANGO SEED 
68.5 
eo.o 
67.5 
68.0 
68.0 
ee.o 
. . - J 
4 5 
4.2.2 Effect of pH 
The effect of pH on the adsorption of copper (II) on 
both the adsorbents is presented in Fig (4.2) and the 
values are given in Table (4.2). The pH of the aqueous 
solution was found to be an important controlling 
parameter in the adsorption process [116] and thus the 
role of hydrogen ion concentration was examined by 
varying pH values ranging from 1.0 to 6.0. The maximum 
removal of copper (II) on Mango Seed shell as well as on 
Mango Seed was attained at pH 5.0. At lower pH value, 
the H"*" ion competes with metal cation for the exchange 
sites in the system there by partially releasing the 
latter. The heavy metal cations are completely released 
under extreme acidic conditions [117] . The extent of 
removal of copper(ID by Mango Seed Shell is 92% and by 
Mango Seed is 67.5%. 
Effect of Concentration 
The effect of concentration of copper (II) on the 
adsorption process is shown in Fig (4.3) and values of 
these are given in Table (4.3). It was found that more 
than 92% of copper was removed by Mango Seed Shell in 
the concentration lxlO~^M, and as the concentration was 
increased to lxlO"-^ M. the adsorption capacity decreased 
from 92% to 62%, while the Mango Seed showed a maximum 
adsorption of 65% at the concentration of IxlO'^M, which 
decreased to 35% at the concentration of 1x10 "^ M. 
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EFFECT OF pH ON COPPER (II) ADSORPTION 
Initial Conccntratlon«0.0001M 
Temperature • 26*C 
% 
a 
g 
e 
A 
D 
8 
O 
R 
P 
T 
I 
O 
N 
100 
80 
60 
40 
20 -
Mango S*«d 
Mango Sood Shall 
3 
pH 
Fig. 4.2 
TABLE 4.2 
pH 
1 
2 
3 
4 
5 
*AGE ADSORPTION 
MANGO SEED SHELL 
0.0 
0.0 
eoo 
89.0 
92.0 
MANGO SEED 
17.5 
21.0 
60.0 
66.0 
67,6 
4 7 
EFFECT OF CONCENTRATION ON 
COPPER (II) ADSORPTION 
pH • 6.8 Temp. • 26*C 
100 
a 
0 
• 
A 
d 
0 
r 
P 
t 
I 
0 
n 
30 
Mange VMd 
Mange Seed Shell 
1 1 I— 
1 2 3 4 6 6 7 8 9 1 0 
INITIAL CONCENTRATION (0.0001 M> 
Fig. 4.3 
TABLE 4.3 
CONCENTRATION 
( 6 . o o o l t ^ ) 
1 
2 
4 
6 
6 
10 
%AGE ADSORPTION 
MANGO SEED 
SHELL 
9 2 0 
8 8 0 
750 
730 
7 0 0 
6 2 0 
MANGO SEED 
64.0 
5 8 0 
56.76 
54,0 
48.0 
35.0 
48 
4.2.4 Effect of Temperature 
The adsorption of copper (II) on both adsorbents from 
o o 
20 C to 60 C has been studied and is shown in Fig (4.4). 
The values for the same is presented in Table (4.4). For 
the Mango seed shell the maximum removal is from 30 C to 
o 
50 C. The enhanced a d s o r p t i o n might be due t o 
desolvation of adsorbing species , change in the s ize of 
pores and enhanced ra te of i n t r a p a r t i c u l a r diffusion of 
the adsorbate [118] . But a f te r SO'c the desorption of 
the adsorbate inc reases leading to a net decrease in 
adsorpt ion from 50 C to 60**C. This may be due to the 
weakening of adsorptive forces between act ive s i t e s of 
Mango Seed s h e l l and the adsorbate spec ies and a l so 
between the adjacent molecules of adsorbed phase [119]. 
The e x t e n t of d e c r e a s e in a d s o r p t i o n of s o l u t e of 
d e f i n i t e concen t ra t ion with inc rease in temperature 
depends on the nature of the adsorbent-adsorbate system. 
In t he case of Mango seed , t he a d s o r p t i o n c a p a c i t y 
remained almost c o n s t a n t upto 50"c . The a d s o r p t i o n 
capacity of the Mango seed was found to be lower than 
Mango Seed Shell which may be due to the o i ly nature of 
Matiatfifa»Sjeed. Oil i t s e l f might get adsorbed with t he 
surf aire l lp tes of the adsorbent. As the temperature i s 
increased beyond SO'c, the adsorption capacity increased 
s imul taneous ly . This may be due to more ac t i ve s i t e s 
avai lable for adsorption above So'c; as the temperature 
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EFFECT OF TEMP ON COPPER(II) ADSORPTION 
Initial Conemtration • 0.0001 M 
100 r 
MuQe a*«d 
Manse SMd Shall 
30 40 60 
TEMPERATURE ("O 
Fig. 4.4 
60 
TABLE 4.4 
TEMPERATURE 
( 'O 
20 
30 
40 
50 
60 
%AGE ADSORPTION 
MANGQ SEED 
SHELL 
9 2 0 
9 6 0 
9 9 0 
99.0 
97.0 
MANGO SEED • 
65.0 
65.0 
67.0 
70.0 
82.0 
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is increased the pores of the adsorbent increases 
releasing the pre-adsorbed oil molecules from the sites 
and providing more active sites for adsorption. 
Kinetics of the Adsorption Process 
When the solution containing copper (II) ions is shaken, 
the adsorbate species (Cu^ "*" ions) are transported to 
solid phase by intraparticle transport phenomenon [120]. 
The intraparticle transport is supposed to be the rate 
controlling step. The rate of particle transport through 
this mechanism is slower than adsorption on exterior 
species which varies proportionately with retention 
time [121] . 
The change in adsorption of copper(ID with time has 
been presented in Table 4.5-a and 4.5-b for Mango Seed 
Shell and Mango Seed respectively. By plotting 
log % adsorption vs log time, a straight line is 
obtained in case of Mango Seed shell (Fig 4.5-a) as well 
as in case of Mango Seed (Fig. 4.5-b). This can be 
explained as: 
x= k^.t.m, 
where 
'x' the % adsorption, 
't' is the shaking time in hours, 
'm' is the slope of the linear plot and 
'k^' is the constant coefficient. 
The deviation of the line from origin indicates that 
intraparticle transport is not the only rate limiting 
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KINETICS OF COPPER (ID 
MANQO SEED SHELL 
Initial Concantratlon • 0.0001 M 
1.800 
1.40 1.00 tao 2.00 2.20 Z40 2.e0 
Lpg Tlm« (minute) 
Fig. 4.6(a) 
TABLE 4.6 (a) 
MANQO SEED SHELL 
TIME 
(IN MINUTES) 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
%AGE ADSORPTION 
68.0 ' 
86 0 
910 
92 0 
93 0 
935 
94 0 
94 5 
^ 98.0 
99.0 
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KINETICS OF COPPER (II) 
MANQO SEED 
Initltl Concantratlon • 0.0001 M 
1.820 r 
1.800 -
A 
d 
• 
0 
r 
P 
t 
I 
0 
n 
1.780 
1.780 -
1.740 
1.720 
1.700 
1.40 1.80 1.80 2.00 2.20 2.40 
Log TImt (mlnuta) 
Flo. 4.6(b) 
TABLE 4.5 (b) 
MANQO SEED 
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step [122]. 
Probably, the transport of the adsorbate (copper) from 
the solution interface into the pores of the particle as 
well as the adsorption on the available surface of the 
adsorbents (Mango seed shell and Mango seed) are both 
responsible for adsorption. 
Effect of Adsorbents Dose 
The effect of adsorbent's dose on the removal efficiency 
of copper (11) has been presented in Table (4.6) and 
Fig (4.6). This figure shows that the adsorption 
Increases with the increase in the dose of Mango seed 
shell as well as Mango seed. The maximum removal is 
reached at 500 mg of both the adsorbents. 
Effect of particle Size 
The studies were also carried out by using adsorbents of 
different particle sizes (100 y to 500 u) . The maximum 
adsorption was observed on the adsorbents of finest 
particle size (100 u) , probably due to the larger 
surface area available for adsorption process. 
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EFFECT OF DOSE ON COPPER(II) ADSORPTION 
pH'6.8 Tamp • 2S'C 
Initial Coneantratlon • 0.0001 M 
100 r 
eoo 
TABLE 4.6 
DOSE 
(In mo) 
100 
200 
300 
400 
500 
600 
%AGE ADSORPTION 
MANGO SEED 
SHELL 
58.0 
61.0 
67.0 
90.0 
92.0 
92.0 
MANGO SEED. 
55.0 
57.0 
61.0 
65.0 
65.0 
65.0 
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CHAPTER 5 
STUDIES ON THE REMOVAL OF 
CADMIUM AND LEAD IONS USING 
MANGO SEED SHELL AS AN ADSORBENT 
5.1 INTRODUCTION 
In continuation of present work, the possible 
utility of Mango Seed Shell has been worked out in 
search of a cheap indigenous technology for the 
removal of metal ions. The aim of the present study 
is to carry out a comparative study on the uptake of 
cadmium and lead by Mango Seed Shell. 
The effect of time, pH, temperature and salinity on 
the removal efficiency of cadmium and lead have been 
studied. The adsorption isotherms and probable 
mechanism have also been described. The appropriate 
thermodynamic parameters viz., InK, G, S and H 
have been calculated and discussed. 
5.2 RESULTS AND DISCUSSION 
5 .2 .1 Time of Equil ibriun 
The change of a d s o r p t i o n of cadmium and lead with 
t ime i s p r e sen t ed in Fig 5.1 and va lues are given in 
• 
Table 5.1. The adsorption increases with increasing 
contact time and equilibrium was attained after 
shaking for 1.5 hours (90 min). Therefore in each 
experiment, the shaking time was set for 2.0 hours. 
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EFFECT OF TIME ON ADSORPTION 
OF CADMIUM AND LEAD 
TEMPERATURE 26*C 
% 
a 
a 
e 
100 r 
99 
A 
D 
S 90 
o 
R 
P 
T 
I 86 
O 
N 
80 
0.0 0.6 1.0 1.6 ZO 2.6 
Concentration (0.0001 M) 
FI9.6.1 
8.0 
TABLE 5.1 
TIME 
(IN HOUM) 
0.5 
1.0 
1.5. 
2.0 
2.5 
3.0 
%AGE ADSORPTION 
LEAD 
84.0 
90.0 
92.0 
92.0 
92,0 
CADMIUM 
85.0 
90.0 
94.0 
94.0 
94.0 
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The extent of adsorption was found to be better in 
case of cadmium than lead. 
5.2.2 Effect of pH 
The effect of pH on the adsorption of cadmium and 
lead on Mango Seed Shell is presented in Fig (5.2) 
while the values for the same are given in Table 
5.2. The pH is an important controlling parameter 
in the adsorption process [116] . Therefore, the 
role of hydrogen ion concentration was examined from 
solutions ranging from pH 1.0 to pH 6.0. It was 
observed that with increase in pH of the solution, 
the extent of removal increased in both the cases, 
but there was a difference in the trend. In the 
case of cadmium, %age adsorption increased almost 
linearly between pH 1 and pH 4.5, attaining a 
maximum value of 96% at about pH 6. 
Whereas lead showed entirely different trend for 
adsorption at different pH. Three distinct regions 
were observed. 
i) pH 1 - 2 : No adsorption zone 
(0% adsorption) 
ii) pH 2 - 3 : Adsorption edge zone 
(0 - 78% adsorption) 
iii) pH 3 - 5.5 : Maximum adsorption zone 
(78% - 90% adsorption). 
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EFFECT OF pH ON ADSORPTION 
OF CADMIUM AND LEAD 
INITIAL C-0.0001M TEMP* 26*C 
100 
TABLE 5.2 
pH 
1 
2 
3 
4 
6 
6.5 
6 
«AGE ADSORPTION 
LEAD 
0.0 
0,0 
76.0 
82.0 
86.0 
90.0 
900 
CADMIUM 
0.0 
22.0 
54.0 
78.0 
90.0 
92.0 
9 i 0 
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Difference in the adsorption behaviour can be 
explained in terms of: 
a) Difference in chemical speciation 
b) Difference in ion size parameters in solution 
of the two metal ions 
Most probably, the removal of cadmium and lead by 
Mango Seed Shell involves a complex mechanism which 
is partly controlled by adsorption and partly by 
chemical precipitation at the solid-solution 
interface [90] and also partly by pore filling 
mechanism. 
5.2.3 ADSORPTION ISOTHERMS 
The adsorption of cadmium and lead on Mango Seed 
Shell were tried to be fitted in Freundlich and 
Langmuir type adsorption isotherms. The Freundlich 
equation is better obeyed by the system than the 
Langmuir equation as it is evident from the values 
of regression coefficients shown in Table (5.3). 
So, only Freundlich type adsorption isotherms have 
been discussed. The values of Am, Ce, are shown in 
Tables 5.4a and 5.4b for Cadmium & Lead 
respectively, and related parameters for the fitting 
of Freundlich equation at different temperatures are 
summarised in Table (5.5). 
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FITTING OF FREUNDLICH EQUATION 
TABLE S.4(a) 
AOaOFtFTION OF CAMiUM 
TEMP AM 
0.0899 
0.2248 
0.7869 
1.3489 
2.2482 
0.1012 
0.3934 
1.0117 
2.2482 
3.1475 
0.1012 
0.5396 
1.3489 
2.4730 
5.3957 
CE 
0.0001 
0.0002 
0.0003 
0.0005 
0.0006 
0.0000 
0.0002 
0.0003 
0.0004 
0.0005 
0.0001 
0.0002 
0.0003 
0.0004 
0.0005 
Ln(AM) 
-2.4091 
-1.4925 
-0.2397 
0.2993 
0.8101 
-2.2907 
-0.9329 
0.0116 
0.8101 
1.1466 
-2.2907 
-0.6169 
0.2993 
0.9054 
1.6856 
Ln(CE) 
-9.2103 
-8.5172 
-8.1117 
-7.6009 
-7.4186 
-11.6072 
-8.5172 
-8.1117 
-7.8240 
-7.6009 
-9.2103 
-8.5172 
-8.1117 
-7.8240 
-7.6009 
30°C 
40<'C 
50°C 
TABLE S-4(b) 
ADSORPTION OF LEAD 
TEMP 
30°C 
40°C 
• 
50°C 
i 
AM 
0.1865 
1.2080 
2.3828 
3.4810 
5.1800 
1.3054 
2.5274 
3.7296 
5.5944 
1.5540 
3.1909 
a.3512 
CE 
0.0001 
0.0002 
0.0004 
0.0005 
0.0008 
0.0002 
0.0004 
0.0005 
0.0007 
0.0002 
0.0004 
0.0005 
A AAAC 
v . w v u 
Ln(AM) 
-1.6793 
0.1890 
0.8683 
1.2473 
1.6448 
0.2665 
0.9272 
1.3163 
1.7218 
0.4408 
1.1603 
1.4705 
-i ocoa 
1 . U v f i ^ ^ 
Ln(CE) 
-9.2103 
-8.5172 
-7.8240 
-7.6009 
-7.1309 
-8.5172 
-7.8240 
-7.6009 
-7.2644 
-8.5172 
-7.8240 
-7.e009 
-7.4186 
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The plot of concentration Ce, vs Am for the 
Freundlich type equation showed the 'S' shaped 
isotherm curves for Cd and Pb (Fig 5.3a & 5.3b) for 
the 'S' class, the initial slop is convex to the 
concentration axis and is followed by a point of 
inflection. For Cd, it followed ' S2 type isotherm 
curve and for Pb it followed '83 type isotherm curve 
[123]. 
The 'S' shaped curves show that the force of 
attraction is quite significant between solute and 
adsorbent. The activation energy will be higher, 
solute molecules tend to be adsorbed in a more 
compact form on the surface. It also shows the 
involvement of multilayer theory of adsorption 
rather than a monolayer which further supports the 
Freundlich type of behaviour in both the cases. 
The Freundlich type adsorption isotherm is 
indication of surface heterogeneity showing that the 
surface of the Mango seed shell is made up of small 
heterogeneous adsorption patches which are 
homogeneous in themselves. 
The plots of InCe vs InAm for Cd (Fig. 5.4a) and 
Pb (Fig. 5.4b) show that the total adsorption 
decreases with increase in temperature at low 
concentration leading to a reversal in the 
adsorption capacity at high concentration. However, 
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FREUNDUCH PLOT FOR CADMIUM 
Am 
FREUNDUCH PLX>T FOR LEAD 
65 
FITTINQ OF FREUNOUCH EQUTAION 
ADSORPTION OF CADMIUM 
him 
r.4188 7.e009 7.8240 8.1117 8.0172 9.2108 11807 
ln(C) 
Fig 6.4 (•) 
FITTINQ OF FREUNDLICH EQUTAION 
ADSORPTION OF LEAD 
InMm 
7.1309 7.2844 7.4186 7.8009 7.8240 8.1117 a6172 9.2103 
ln(C) 
Flo 6.4 (b) 
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the t o t a l adsorpt ion inc reases with tempera ture . 
Th i s t y p e of b e h a v i o r may be due t o i n i t i a l 
adsorption of both the ions via physiosorption with 
t h e i n c r e a s e in c o n c e n t r a t i o n a t e l e v a t e d 
temperature. The ac t iva t ion of adsorption s i t e takes 
place leading to increased adsorption probably via 
surface exchange jnechanlsro. Actua l ly , at h igher 
temperature the aggregat ion of these ions a t the 
surface of mango seed she l l increases which r e su l t s 
in an exchange r e a c t i o n with the a l ready adsorbed 
species . 
Th is coup l ed mechanism g i v e s t h e n o n - l i n e a r 
v a r i a t i o n of the K-values with the tempera ture . 
However, for the sake s i m p l i c i t y the v a r i a t i o n i s 
assumed to be l i n e a r and vont-Hoff equa t ion i s 
applied for the ca lcula t ion of the enthalpy of the 
system. 
In the case of Cadmium the overa l l system seems to 
be endothermic, as i t i s evident from Fig . 5.5a 
{AH=42.725 KCal/K/mol) and s i g n i f i c a n t energy i s 
consumed due to the dehydrat ion of ions and the 
adsorbed ionic species and/or oxygenated complexes 
on the surface of adsorbent , changing the s i ze of 
pores and enhancing the r a t e of i n t r a - p a r t i c l e 
diffusion of adsorbate[H8] . 
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ln(K) vt 1/T X 1000 For Cd 
H-42.7250Q766 KCal/K/mol 
20.00 
18.00" 
10.00 -
14.00 -
12.00 -
10.00 -
a.00 -
a.oo -
4.00 -
2.00 -
ln(K) 
0.00 
3.09698 
-i 
3.19499 
VT X 1000 
Fl» 0.6<a) 
8.3003 
14.00 
18.00 
12.00' 
11.00 
10.00 
9.00 
8.00 
7.00 
8.00 
6.00 
InK 
8.08898 
InK v« 1/T X E3 For Pb 
H-0.80775833 KC«l/K/mol 
3.19489 
1/T X E3 
Fig. 6.6(b) 
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H 
8.8008 
The adsorption trend of Lead is different from that 
of Cadmium (Fig. 5.5b). This difference may be due 
to the formation of the different type of hydrated 
species of the metal ions. In the case of Lead there 
is a possibility of the formation of polynuclear 
species Pb4{OH)44''' along with the PbCOH)* and 
Pb{OH)^'''. The said polynuclear species enter the 
pores of the adsorbent via pore filling mechanism, 
which is very clear from Fig. 5.2. With the uptake 
of these species between pH 2 and 3 a fast 
adsorption of lead is observed. After pH 3, due to 
saturation of pores, a slight reduction is observed 
in the adsorption of simple species. 
The entry of Pb in the pores of adsorbent becomes 
easier due to its smaller ion size parameter of 4 A 
in solution, whereas for Cd it is 5 A. 
The entropy of the overall system is smaller and 
negative (Fig. 5.5b), whereas the overall process is 
spontaneous with almost similar values of G. The 
-ve entropy values of this system can be attributed 
to the combined species and the lower value of ionic 
size parameter (hydrated ionic radii). The 
polynuclear species of lead tries to enhance the 
distortion of adsorbent matrix but Pb^ "*" ion tries to 
release it and the net effect is the decrease in 
entropy of the system or increase in the 
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disorderness of the system. 
On the other hand in the case of Cd, H values are 
positive and sufficiently high as compared to that 
of Pb. Further the G has higher values indicating 
more spontaneity in the adsorption of Cd as it is 
clear in Fig. 5.5a. Again this can be explained on 
the basis of a strong adsorbent adsorbate 
interaction which is seen on comparing the 1/n 
values (Table 5.6) of Freundlich coefficient. The 
1/n values are higher for Cd than those for Pb ion. 
TKBLE 5.6 
Gon^peur±SfCxi. of 1/xi VaJLuies 
Temp. Cd Pb 
30'C 1.7271 1.5848 
40'»C 0.8691 1.2923 
50»C 2.1718 1.4015 
5.2.4 EFFECT OF SALINITY 
The effect of salinity on the adsorption of Cd and 
Pb ions is shown in Fig. 5.6. NaCl was added to the 
Cd and Pb solutions. It can be seen that the 
presence of NaCl reduces the adsorption in both the 
cases. This may be due to the relative competition 
between Na ions and Cd and Pb species on the active 
adsorption sites of the mango seed shell. 
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EFFECT OF SALINITY ON ADSORPTION 
OF CADMIUM AND LEAD 
100 
1 10 
Amount of NaCI (gm) 
Flo. 6.6 
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